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Abstract. In this work, we present and analyze the stability and the dissipative structure
of a recently proposed dynamic term-by-term stabilized finite element formulation for the
Navier-Stokes problem that can be viewed as a variational multiscale (VMS) method under
some assumptions [1]. Our approach follows the term-by-term stabilization proposed in [2] for
viscoelastic fluid flows, which has been demonstrated more effective when there are pressure
singularities. The essential point of the formulation is the time dependent nature of the subscales and, contrary to residual-based formulations, the introduction of two velocity subscale
components. They represent the components of the convective and the pressure gradient terms,
respectively, of the momentum equation that cannot be captured by the finite element mesh.
A key idea of the proposed method is that the convective subscale is close to a solenoidal field
and the pressure gradient subscale is close to a potential field. The method ensures stability
in anisotropic space-time discretizations, which is proved using numerical analysis under suitable assumptions and demonstrated in classical numerical tests. The work includes a detailed
description of the proposed formulation and several numerical examples are using to show the
rubustness and accuracy of the method.
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